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Abstract 
Benign thyroid nodules are an extremely common occurrence. Radiofrequency ablation (RFA) is 
gaining ground as an effective technique for their treatment, in case they become symptomatic. Here 
we review what are the current indications to RFA, its outcomes in terms of efficacy, tolerability, and 
cost, and also how it compares to the other conventional and experimental treatment modalities for 
benign thyroid nodules. Moreover, we will also address the issue of treating with this technique 
patients with cardiac pacemakers (PM) or implantable cardioverter-defibrillators (ICD), as it is a rather 
frequent occurrence that has never been addressed in detail in the literature. 
 
Keywords: radiofrequency ablation, thyroid nodule, pacemaker, implantable cardioverter-defbrillator, 
ultrasound-guided procedure, minimally invasive nonsurgical techniques 
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Introduction 
Benign thyroid nodules are an extremely common occurrence (1). Radiofrequency ablation (RFA) is a 
minimally invasive nonsurgical technique that can reduce thyroid nodule size with the thermal injury 
caused by high-frequency alternating electric current. This is a procedure that is performed under local 
anesthesia, by the ultrasound-guided insertion of a radiofrequency electrode into the thyroid nodule (2-
6).   
Although some of the most authoritative guidelines on thyroid nodules touch on RFA only as an 
alternative to surgery for the treatment of recurrent thyroid cancer in high risk surgical patients or in 
those refusing additional surgery (7-9), there is accumulating/growing evidence that RFA is also a valid 
alternative to surgery for the treatment of symptomatic benign thyroid nodules. Consistent with it, in 
the first Italian opinion statement on this topic, Garbergoglio and colleagues agreed on the use of RFA 
for treating benign nodular thyroid disease when surgery is contraindicated or declined (10). 
Based on the existing literature and on our experience (11-13), here we review what are the current 
indications to RFA, its outcomes in terms of efficacy, tolerability, and cost, and also how it compares 
to the other conventional and experimental treatment modalities for benign thyroid nodules. Moreover, 
we will also address the issue of treating with this technique patients with cardiac pacemakers (PM) or 
implantable cardioverter-defibrillators (ICD), as it is a rather frequent occurrence that has never been 
addressed in detail in the literature. 
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1. Indications to the procedure in case of benign thyroid nodules 
Radiofrequency ablation (RFA) is a minimally invasive nonsurgical technique that can reduce thyroid 
nodule size with the thermal injury caused by high-frequency alternating electric current. There is 
abundant literature suggesting that RFA could be used to treat benign thyroid nodules. Since 2006 (14), 
several studies have proved RFA efficacy and safety on symptomatic benign thyroid nodules (15-19). 
Based on this ground, in 2012, the Korean Society of Thyroid Radiology published a consensus 
statement where RFA was indicated for the treatment of benign thyroid nodules causing local 
symptoms or cosmetic concerns, as well as for the treatment of autonomously functioning nodules 
causing hyperthyroidism-related problems (20).  
According to this consensus statement, RFA ideal target is a single, benign thyroid nodule that has 
become symptomatic (6). Now, assuming we had to advise on the best treatment modality a patient 
with a benign thyroid nodule, we would consider RFA only if they complained of nervousness, weight 
loss, palpitation, or neck discomfort. Otherwise, if this patient had no symptoms, we would generally 
recommend observation by repeating thyroid ultrasonography in about 1 to 2 years (21). On the other 
hand, if a patient presented with a symptomatic or hyperfunctioning thyroid nodule, RFA could be 
taken into consideration once the nodule had been confirmed cytologically benign by at least two 
separate fine needle aspirations (20). Cytologically benign thyroid nodules correspond to the Thy2/Tir2 
category of the British/Italian system (22) and/or to the Bethesda category II of the Bethesda system for 
reporting thyroid cytopathology (23).  
The rationale for obtaining two fine needle aspiration biopsies before RFA is to reduce the likelihood 
of false negative cytological reports (24). To date, there is no evidence in supporting the treatment 
benefit of RFA as a first line therapy for thyroid carcinomas, nodules suspicious for malignancy, 
follicular neoplasms, and follicular lesions of undetermined significance. The procedure, which has 
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been found inadequate as a cure for thyroid carcinoma (25), will inevitably delay surgery, which is the 
recommended curative approach in this case (12). As for follicular neoplasms or follicular lesions of 
undetermined significance, where malignancy rate is between 14% and 48% (24), there is not only a 
significant/considerable risk of treating a nodule which is a cancer, but also the concern as to whether 
RFA might facilitate the transformation of follicular lesions to follicular carcinomas (12).   
Nevertheless, it is noteworthy that one RFA session does not seem to affect subsequent thyroid surgery. 
In particular, we have shown that in two patients who had undergone RFA, the subsequent surgical 
removal of thyroid nodules was not impacted by one RFA session, and that the patients could be 
successfully operated on with no complications (12). This outcome was attributed to the fact that the 
RFA had not altered the capsule, possibly because we are used to keeping the active tip of the needle 
within the nodule all through the procedure, which allowed us to undertreat the areas adjacent to the 
capsule (4). Therefore, one RFA session should not exclude the possibility that the same patient 
undergoes thyroid surgery in the future.  
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2. Special precautions to take in patients with cardiac pacemakers or implantable cardioverter-
defibrillator 
There are no absolute contraindications to RFA for the treatment of a symptomatic benign thyroid 
nodule. Nevertheless, the Korean Society of Thyroid Radiology (20) advises to take special care in 
patients with serious health problems, pregnant women, and patients with contralateral vocal cord 
palsy. Here we will address the issue of treating with thyroid RFA patients with cardiac pacemakers 
(PM) or implantable cardioverter-defibrillators (ICD), as it is a rather frequent occurrence that has 
never been addressed in detail in the literature (2-5).  
RFA is a procedure that may cause electromagnetic interferences (EMI), as it induces thermic injury to 
the tissue by an alternating electric field produced by a unipolar electrode, which is connected to an 
external radiofrequency generator. RFA-induced EMI could prevent cardiac PM or ICD from 
functioning properly (26-31). In general, EMI may lead to the following responses in the cardiac 
devices: (i) temporary or permanent resetting to a backup, reset, or noise-reversion pacing mode; (ii) 
temporary or permanent inhibition of pacemaker output; (iii) an increase in pacing rate due to 
activation of the rate-responsive sensor; (iv) ICD firing due to activation by electrical noise (26).  
So far, there have been no reports of such responses in the cardiac devices of patients treated with 
thyroid RFA. It has to be noted that the automatic reset of the programming that can be observed when 
a cardiac device is positioned within an intense electrical field is rarely observed even during cardiac 
RFA. Therefore, this is very unlikely to happen in patients treated with thyroid RFA. Anyway, while 
patients that are not PM-dependent are unlikely to experience any problem due to EMI, major problems 
could be observed in PM-dependent patients (i.e. those without spontaneous ventricular activity when 
the pacemaker is switched off or programmed in VVI 30/min) or in patients with ICD. In these 
patients, for example, EMI can be erroneously considered as a cardiac high rate activity by the device, 
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which in turn triggers or inhibits ventricular stimulation and -in case of an ICD- activates 
antitachycardia therapies. 
In general, in order to minimize EMI it is recommended to administer RFA in brief and intermittent 
bursts at the lowest possible energy levels (27). This can help avoid the false recognition of sustained 
tachyarrhytmias or minimize the effect of potential inhibition of pacing even in PM dependent patients. 
Secondly, it is recommended to maximize the distance between the radiofrequency electrode and the 
cardiac device (30). Moreover, the radiofrequency current path (electrode tip to current return pad) 
should be kept as far away as possible from the pulse generator and lead system, in order to avoid a 
possible “antemna effect” due to the heating of the electrode tip. Last, it is recommended to monitor 
peripheral pulse by a non-electrocardiographic method (i.e. pulse oximetry) throughout the procedure 
and to perform an ECG as soon as the treatment has finished. 
In Trieste, patients undergoing RFA are followed by a dedicated team, which includes 
endocrinologists, interventional radiologists, pathologists and surgeons, as well as other specialists, 
when there are specific issues that need to be addressed, such as the treatment of patients with cardiac 
devices. So, when treating patients with PM or ICD, we follow a protocol that has been endorsed by the 
Cardiovascular Department of the Azienda Ospedaliero-Universitaria di Trieste (Table 1), which is 
largely based on the Heart Rhythm Society Expert Consensus Statement on the perioperative 
management of patients with implantable defibrillators, pacemakers and arrhythmia monitors published 
in 2011 (31).  
Basically, prior to the procedure, patients with PM should be assessed as to whether they are PM-
dependent. If they are not PM-dependent, a spontaneous rhythm is evident at the ECG either 
spontaneously or during PM interrogation, when the device is transiently programmed at a rate < 30-40 
bpm. In these cases, EMI are considered unlikely to be clinically significant, and therefore special 
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precautions are not needed during the procedure. In PM-dependent patients, on the other hand, either 
the cardiac device should be reprogrammed to an asynchronous mode or a magnet should be placed 
over it during the procedure. The magnet placed over the device can in fact transiently modify PM 
programming, allowing it to stimulate the heart at a fixed rate, which is not inhibited by any false 
cardiac activity due to EMI. In general, the use of a magnet positioned over the device is safer than any 
device reprogramming, as it allows an immediate restoration of the cardiac device functions after the 
procedure.  
Patients with ICD should have their tachyarrhythmia treatment algorithms programmed off before the 
procedure, in order to prevent unwanted shocks due to spurious signals that the device might interpret 
as ventricular tachycardia or fibrillation. Once the ICD has been inactivated, patients should be 
monitored continuously for life-threatening arrhythmias by ECG and by pulse oxymetry. Moreover, 
temporary pacing and defibrillation equipment should be available (if emergency cardioversion were 
required, the paddles should be placed as far from the implanted device as possible in an orientation 
likely to be perpendicular to the orientation of the device leads). Straight after RFA, the ICD should be 
programmed back to its original settings, with the antitachycardia function restored to its active status. 
Although a magnet positioned over an ICD disables its antitachycardia function, it does not modify its 
PM function. Therefore, if patients with ICD are PM-dependent, the magnet does not protect them from 
the risk of asystole due to EMI. In these patients, it is recommended to reprogram the device before the 
procedure, particularly if long continuous RFA applications are scheduled.   
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3. RFA efficacy, complications, and cost 
3.a Efficacy 
RFA efficacy is based on the ability of hyperthermia to induce tissue coagulative necrosis and to reduce 
thyroid nodule volume, whereby local symptoms, cosmetic concerns improve, and thyroid function 
normalizes. In order to get more precise ablations and to improve both efficacy and safety, thyroid RFA 
has evolved almost immediately from the use of multitined “fixed” expandable 14-G electrodes (15, 
16) to that of straight, internally cooled electrodes that are sequentially moved within the nodule, 
ablating/destroying it unit by unit (14). The ablation usually starts from the deepest layer, and the 
electrode is slowly withdrawn towards the surface (17). While the first type of electrodes and technique 
have been used mainly in Europe (15, 16, 18, 32) the second approach, also called moving-shot 
technique, was initially proposed by the Korean Authors (14, 17) and has now been adopted in Italy 
too, being more precise but less invasive (11, 33, 34). This approach allows for a better control of the 
needle. Therefore, it minimizes normal tissue injury and help tailoring the extent of the treatment 
according to nodule shape and features.  
All the studies that have evaluated the efficacy of RFA for the treatment of benign thyroid nodules are 
summarized in Table 2. When looking at the series where the moving-shot technique was used, the 
first prospective study comparing RFA efficacy to observation, showed that RFA was superior to 
observation as it significantly reduced thyroid nodule volume by 80% after 6 months (19). In this study, 
the procedure did not only reduce nodule volume as compared to observation, but it was also 
therapeutically successful, as it achieved a volume reduction greater than 50% in all the patients. This 
data has been recently confirmed by an Italo-Korean work where thyroid nodules were reduced by 77% 
in Korea and 66% in Italy after 6 months from one RFA session (33). Consistent with it, another recent 
study has shown that one RFA session reduced nodule volume by 55% and 80% at 6 and 24 months 
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(34), and we have found that one session of RFA significantly reduced thyroid nodule volume by 50%, 
64%, 70%, 71%, 67% after 1, 3, 6, 12, and 24 months (12), as shown in Figure 1. Interestingly, these 
results seem to be maintained at least for 48 months – which is the longest follow-up that has been 
published so far (35).  
Most importantly, in all these studies (12, 19, 33, 34), nodule volume reduction was paralleled by a 
significant improvement of local symptoms and cosmetic concerns. In addition to that, Valcavi and 
colleagues demonstrated that RFA-induced nodule volume reduction was also associated with an 
improvement of health-related quality of life (HRQL). HRQL refers to the well-being of a person, and 
its assessment derives from the score of both physical and mental well-being statuses. Interestingly, in 
this paper patients with thyroid nodules had lower scores of mental well-being status as compared to 
healthy controls, which significantly improved and normalized after RFA (34).  
Overall, the factors that seem to affect treatment response include initial solidity, as purely cystic 
nodules are usually reduced by 90% (36-38), nodule volume (18, 19), vascularity (39), and 
functionality (3). Moreover, the technique used, the training of the operators (33), and the energy 
delivered per nodule volume (19) should all be taken into account. Among these factors, the energy 
delivered per nodule volume has been advocated as the most important for long-term shrinkage (33). 
Consistent with the concept that initial nodule volume affects treatment response, Lim and colleagues 
showed that larger nodules required more treatment sessions than the smaller ones to achieve similar 
volume reductions. In particular, patients with nodules whose volume was between 0-10 mL underwent 
1.7 ± 0.9 RFA sessions, those with nodules measuring between 10-20 mL underwent 2.8 ± 1.7 RFA 
sessions, and those with nodules with a volume greater than 20 mL underwent 3.8 ± 1.5 RFA sessions 
(35). In this study, undergoing more than one RFA session was feasible and safe, and the volume 
reduction achieved was maintained for 48 months. Although the final volume reduction achieved by 
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RFA seems to be greater in the patients that have undergone more than one RFA session (17, 35), we 
believe that the decision of performing more than one RFA session should be based on patient’s 
complaints (symptoms and cosmetic concerns) rather than the percentage of nodule volume reduction 
achieved after the first procedure. This is in line with what was concluded by Huh and colleagues who 
compared the efficacy of one and two RFA sessions, finding that there was no significant difference 
between the two groups, and who suggested that additional RFA sessions should be limited to patients 
with a large nodule (> 20 mL) or unresolved clinical problems (40).  
Another circumstance that might require more RFA sessions is the treatment of a hyperfunctioning 
nodule. The studies available have shown that, although RFA improves thyroid hyperfunction, it allows 
medication withdrawal in no more than half of the patients (11, 16, 18). Therefore, it seems to be less 
effective for thyroid hyperfunction than it is for treating local symptoms and cosmetic issues. This 
could be due to insufficient ablation of the external border of the hyperfunctioning nodule, which could 
in turn lead to nodule regrowth and relapse/worsening of hyperthyroidism (4, 5).       
3.b Complications 
It is abundantly clear that RFA is safe and well tolerated. For this reason this technique was initially 
advocated as a useful treatment modality for weak or elderly patients, or for those with challenging 
hemostasis, comorbidities, and other clinical or social issues not conducive to surgery (15). This is also 
the reason why in 2015 Garberoglio and colleagues recommended the use of RFA for symptomatic or 
hyperfunctioning benign thyroid nodules in patients where surgery/or radioiodine were either 
contraindicated or declined (10).  
Nevertheless, RFA has some side effects and can cause also some complications. Side effects include 
postoperative cervical pain, vomiting, coughing, fever, vasovagal reactions, and hematoma formation. 
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Postoperative pain, which is the most common side effect, occurred at a variable rate, from 2.6% of 
patients in (41), to 5.2% in (11), to 5.5% in (17), and to 17.5%  in (34). The most likely mechanisms 
underlying this side effect are parenchymal edema and thyroid capsule thermal damage. In our 
experience, pain was generally mild, it required only oral analgesics (such as paracetamol) to be 
relieved and ceased within 2 weeks from the procedure. As for hematomas, they usually disappear 
within a couple of weeks. To avoid their formation it is generally recommended not only to interrupt 
antiplatelet drugs and to switch patients that are on anticoagulants to low molecular weight heparin 
(20), but also to evaluate by Doppler ultrasonography the presence of any vessel along the approach 
route prior to the procedure (33).   
The incidence of major complications is relatively low. Baek and colleagues (41) observed 48 
complications in 1459 patients (3.3%).  These complications included voice changes, brachial plexus 
injury, tumor rupture (42), permanent hypothyroidism, skin burn, and vomiting. This is consistent with 
what we reported last year (13). In 107 patients treated by RFA the complication rate was 3.7% (13). 
These complications included voice changes (n=2), a late-onset painless thyroiditis with transient 
thyrotoxicosis (n=1), and a full-thickness skin burn (n=1) (13). In our experience, voice changes were 
treated by oral prednisone and resolved within one month and one and a half months. Voice changes 
have been generally attributed to thermal nerve injury. To avoid this occurrence it is suggested 
undertreating the area adjacent to the nerve, also called the danger triangle (2). As for the late-onset 
painless thyroiditis that we have reported (11), it developed 3 months after the procedure and resolved 
spontaneously within 30 days, without causing hypothyroidism. The onset of a thyroiditis with 
thyrotoxicosis could be attributed to the inflammatory process that might take place after needle entry 
to the thyroid, which could trigger the release of thyroid hormones (11), which reminds of the 
postaspiration thyrotoxicosis (43).  
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The most serious complications that we have encountered so far is a full-thickness skin burn caused by 
thermal injury, which required the help of plastic surgeons to heal. The details of this case have already 
been presented (13). Here we would like to remind that in order to prevent skin burns, it is important to 
reach the nodule with the transisthmic approach, such that the electrode passes through the isthmus. It 
is also important to inject cold fluid (e.g. lidocaine) in the subcutaneous layers under the puncture site, 
which will increase the distance between the nodule and the skin. In addition, some Authors suggest to 
apply an ice bag on the skin next to the puncture site during the ablation (41). As already mentioned, 
when a skin burn develops, in order to achieve a satisfactory esthetic result, specific care will facilitate 
the wound healing process (13). 
3.c Cost and time consumption 
The cost of a radiofrequency generator is about $25000 and the cost of an electrode is about $750-1500 
per session (4, 5). Treatment may be performed on outpatients, with a time expenditure of about 30 
minutes (4). Two years ago we compared RFA cost and time consumption to those of surgery in 
patients who had undergone a hemithyroidectomy (11). Overall, the length of one RFA session was 45 
minutes and its cost was about $1800. On the other hand, the mean operative time for 
hemithyroidectomies performed in a standard inpatient regimen was 80 minutes, the length of the 
hospital stay was 2.33 days and their mean cost was about $5000. In the group of patients requiring 
short-stay surgery, mean operative time was 82.5 minutes, hospital stay was 1 day, and the cost was 
about $4500. Therefore, RFA compares extremely favorably to surgery in terms of cost, as it costs 
roughly 2.6 times less than surgery, without including the fact that sick-leave is significantly shorter 
and social costs are significantly lower.  
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4. How does RFA compare to the other treatment modalities? 
4.a Conventional techniques 
Surgery and radioiodine remain the conventional and established treatments for thyroid nodules (5). So 
far, only two studies have compared RFA to surgery. In the first one (11), 37 patients who underwent 
RFA were retrospectively compared to 74 patients who underwent emithyroidectomy, which was 
performed either in a standard inpatient or in a short-stay surgical regimen. RFA reduced nodular 
volume by 70% after 12 months and it was an effective method for treating nodule-related clinical 
problems, but it was not as effective as surgery for the treatment of autonomously functioning thyroid 
nodules. In particular, while RFA was able to relieve from nodule-related symptoms in 85% of patients, 
hyperthyroidism was completely resolved only in 33% of patients. This data was in line with previous 
studies, where hyperfunction was fully controlled in 24% of patients after 6 months from RFA (16), 
and in 40% of patients after 12 months from RFA (32). Therefore, this study indicated that the best 
approach to treat autonomously functioning nodules remained surgery and not RFA. Nevertheless, in 
the same study RFA was found safe and extremely well tolerated, while surgery caused 
hypothyroidism in 25% of patients and had a higher complication rate than RFA.  
The greater tolerability of RFA was also proved in a larger population by the second study (44), where 
the efficacy and safety of RFA were compared to those of surgery (including both thyroidectomy and 
lobectomy). This second study demonstrated that the incidence of complications was significantly 
higher in the surgery group than in the RFA group, being 6% and 1% respectively. Moreover, 
hypothyroidism was detected in 71.5% of patients after surgery and in none after RFA (44). 
Although in these studies the population who underwent RFA was comparable to that who was 
surgically treated, we believe that RFA and surgery are not overlapping but complementary techniques, 
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and therefore their ideal target is not the same thyroid nodule. Taking into account RFA efficacy and 
tolerability, and the fact that it is easier, faster, more tolerable, and gives even more effective results if 
pretreatment nodule volume is not too large (i.e nodule volume < 20 mL), in our view RFA represents 
a valid therapeutic strategy for patients with symptomatic nodules that are perceived “too little” to 
undergo surgery, but still “too much” to keep with the observation. On the other hand, in patients with 
large nodules (> 20 mL), who will probably require more than one session to satisfactorily reduce 
thyroid nodule volume, surgery should remain the first-line treatment option in light of its efficacy and 
safety. However, if surgery was contraindicated or declined, RFA could be a valid therapeutic 
alternative also for large nodules.  
As for radioiodine therapy, it is effective to treat autonomously functioning thyroid nodules, as it 
normalizes thyroid function and significantly reduces thyroid volume. For instance, a single dose of 131I 
aiming at a level of 100 Gy normalized thyroid function in 75% of patients and reduced nodule volume 
by 40% in 12 months (45, 46). To date, there are no comparative studies between RFA and radioiodine. 
Nevertheless, based on the existing literature, RFA does not cause hypothyroidism, which occurs in up 
to 60% of patients several years after 131I treatment (47), and does not require the use of contraceptives 
in fertile women (48). Moreover, it can be inferred that RFA is probably superior to radioiodine in 
terms of nodule volume reduction, while it is likely to be inferior to it in terms of thyroid function 
normalization. On this basis, the possible usefulness of a combined treatment (RFA + radioiodine) has 
been recently proposed for large hyperfunctioning nodules (49), where RFA could produce faster and 
more marked nodule shrinkages, coupled with a lower-radioiodine-administered activity as compared 
to radioiodine alone. Otherwise, RFA has been recommended in patients where radioiodine is either 
contraindicated or declined (10),  
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Also levothyroxine therapy has been used for the treatment of cold thyroid nodules. However, its use 
should not be recommended routinely in patients with benign thyroid nodules (50). Although 
suppressive levothyroxine therapy may decrease nodule size and prevent the appearance of new 
nodules in iodine deficient regions (51), its effect is modest, with most studies suggesting an average 5-
15% reduction of nodule volume after 6-18 months (52-54). In addition, suppressive levothyroxine 
therapy increases the risk of adverse consequences related to iatrogenic thyrotoxicosis (50). On the 
other hand, the efficacy of non-suppressive levothyroxine therapy remains unproven (8), as it is 
supported only by non-blinded, non-randomized trials, such as (55). Taken together, these results 
explains why the choice of this treatment has declined (56). Moreover, in a recent Cochrane 
Collaboration systematic review, levothyroxine was found not as effective as minimally invasive 
therapies for the reducing the volume of benign thyroid nodules (57).  
4.b Nonsurgical, image-guided, minimally invasive techniques 
In addition to RFA, nonsurgical, image-guided, minimally invasive techniques include percutaneous 
ethanol injection (PEI), laser ablation (LA), microwave ablation (MWA), and high-intensity focused 
ultrasound (HIFU). Among these techniques, PEI, LA, and RFA are gaining ground in the daily 
management of thyroid nodules and cysts, while MWA and HIFU are presently under investigation. 
PEI is the oldest image-guided, minimally invasive technique that can be used for the treatment of 
benign thyroid nodules. The first documented use of PEI dates back to 1989 (58), when the sclerotizing 
properties of ethanol were used to treat thyroid cysts after aspiration. Then, in the 90s, PEI was used on 
solid nodules without much success despite multiple sessions, and with limitations related to ethanol 
causing serious side effects. Today, this technique is considered the first line therapy for large and/or 
symptomatic thyroid cystic lesions (8). On average, PEI can reduce the volume of thyroid cysts by 64-
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93%, with a 69-95% rate of successful treatments, defined as a reduction of thyroid cyst volume greater 
than 50 % (59).  
Although RFA is effective for the treatment of predominantly cystic nodules, PEI remains the first line 
therapy for thyroid cystic lesions, as it is simpler and more cost effective. When RFA was compared to 
PEI for the treatment of benign thyroid cysts, PEI resulted to be superior to RFA in terms of number of 
treatment sessions required (37) and mean volume reduction (38). In a retrospective study, Sung and 
colleagues showed that PEI was superior to RFA in terms of number of treatment sessions required, 
which were between 1 and 2 for PEI, which was successful in 94.4% patients, and between 1 and 3 for 
RFA, which was successful in 95.2% of patients (37). In a prospective study comparing the volume 
reduction achieved by one session of PEI to that achieved by one session of RFA, PEI reduced thyroid 
cystic nodules by 96.9%, while RFA reduced them by 93.3% after 6 months (38).   
LA is another thermal ablation method that can be used for the treatment of benign thyroid nodules. 
Laser, which is an acronym for Light Amplified Stimulated Emission of Radiation, directs collimated, 
monochromatic, coherent, and powerful light energy to a well-delimited area of tissue in a predictable, 
precise, and controlled way. Light energy is applied via optical fibers connected to a laser energy 
generator, and in order to increase the lesion size multiple fibers are usually inserted simultaneously in 
an array around the tumor. These fibers consist of 300 μm-diameter plane-cut optic fibers that are 
inserted through the sheath of a 21-gauge Chiba needle, with 5 mm of the bare fiber being in contact 
with thyroid tissue. Since the introduction of LA for the treatment of symptomatic thyroid nodules in 
2000, several studies have reported its efficacy (5). Nodule shrinkage ranges from 36 to 82%. In 
particular, patients with spongiform nodules seem to be the best candidates for LA (59). Based on this 
ground, LA has been recommended as a possible option for the treatment of benign thyroid nodules by 
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the guidelines of the American Association of Clinical Endocrinologists, the Italian Association of 
Clinical Endocrinologists, the European Thyroid Association (50). 
Although there are no studies directly comparing the two procedures, in a recent Bayesian meta-
analysis evaluating RFA and LA, RFA was found to be more effective at decreasing nodule volume 
after 6 months from the procedure, as it achieved a larger pooled percentage mean change and absolute 
mean change as compared to LA (77.8% vs 49.5%, respectively) (60). Moreover, looking at long-term 
follow-up studies, like those with more than 2 years of follow-up, it seems that the volume reduction 
achieved by RFA (up to 90-92%) is superior to that achieved by LA (around 50%) (35, 61). 
In addition to that, when looking at RFA and LA procedures from a technical point of view, RFA is 
performed via a moving shot technique, based on the concept of moving the electrode during the 
procedure. The nodule is divided into several conceptual units and ablated unit by unit, starting from its 
deepest layer and then moving sequentially the tip of the electrode to the left and the right, while 
slowly withdrawing it toward the surface. This approach allows tailoring the procedure to every nodule. 
It maximizes the ablation of the entire nodule margins, while avoiding injury of the recurrent laryngeal 
nerve, trachea, and esophagus. As compared to RFA approach, LA requires 2 to 4 fibers inserted 
simultaneously in the center of the nodule for the ablation. Laser firing is started from the bottom part 
of the nodule and then needles and fibers are pulled back. The duration of laser illumination ranges 
from 6 to 30 minutes, depending on the nodule size. Light irradiation is continuous and it is shortly 
suspended for fiber repositioning. This approach, which is a bit more complicated and time-consuming 
(60), would not achieve treatment of the nodule margins, which could then regrow, as seen with long-
term follow-up studies (61). Therefore, RFA is emerging as the ablation procedure of choice for solid 
nodules (6).  
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Conclusion  
Based on the existing literature, the greatest shift in the future routine management of benign thyroid 
nodules will probably be determined by the availability of nonsurgical, minimally invasive techniques, 
such as RFA. This technique has shown the potential to help in the daily management of thyroid 
nodules, particularly when they are single, cold, and symptomatic, where it has been proven safe and 
effective. In our view, RFA does not overlap with the conventional and established treatments for 
thyroid nodules, namely surgery and radioiodine, but it is complementary to them. RFA could in fact 
represent the solution for a need that has remained unanswered for years, helping those patients that 
perceive their nodule as something too small to be conventionally treated (or which cannot be 
conventionally treated), but too big to keep with the simple clinical follow-up.  
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Figure legends 
Figure 1. Thyroid nodule volume reduction at 24 months. Representative transverse and 
longitudinal B-mode ultrasound images showing RFA effects at baseline (A-B), 1 month (C-D), 6 
months (E-F), 12 months (G-H), and 24 months (I-J) from the procedure. The treated area of the nodule 
appears reduced in size and hypoechoic.    
  
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
21 
 
Conflict of interest disclosure 
The authors declare that they have no conflicts of interest  
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
22 
 
References 
1. Gnarini VL, Brigante G, Della Valle E, Diazzi C, Madeo B, Carani C, Rochira V, Simoni M 2013 Very high 
prevalence of ultrasound thyroid scan abnormalities in healthy volunteers in Modena, Italy. J 
Endocrinol Invest 36:722-728 
2. Baek JH, Lee JH, Valcavi R, Pacella CM, Rhim H, Na DG 2011 Thermal ablation for benign thyroid 
nodules: radiofrequency and laser. Korean J Radiol 12:525-540 
3. Wong KP, Lang BH 2013 Use of radiofrequency ablation in benign thyroid nodules: a literature review 
and updates. Int J Endocrinol 2013:428363 
4. Gharib H, Hegedus L, Pacella CM, Baek JH, Papini E 2013 Clinical review: Nonsurgical, image-guided, 
minimally invasive therapy for thyroid nodules. J Clin Endocrinol Metab 98:3949-3957 
5. Papini E, Pacella CM, Hegedus L 2014 Diagnosis of endocrine disease: thyroid ultrasound (US) and US-
assisted procedures: from the shadows into an array of applications. Eur J Endocrinol 170:R133-146 
6. Lupo MA 2015 Radiofrequency Ablation for Benign Thyroid Nodules - a Look Towards the Future of 
Interventional Thyroidology. Endocr Pract 21:972-974 
7. Perros P, Boelaert K, Colley S, Evans C, Evans RM, Gerrard Ba G, Gilbert J, Harrison B, Johnson SJ, 
Giles TE, Moss L, Lewington V, Newbold K, Taylor J, Thakker RV, Watkinson J, Williams GR, British 
Thyroid A 2014 Guidelines for the management of thyroid cancer. Clin Endocrinol (Oxf) 81 Suppl 1:1-
122 
8. Haugen BRM, Alexander EK, Bible KC, Doherty G, Mandel SJ, Nikiforov YE, Pacini F, Randolph G, 
Sawka A, Schlumberger M, Schuff KG, Sherman SI, Sosa JA, Steward D, Tuttle RMM, Wartofsky L 2015 
2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules 
and Differentiated Thyroid Cancer. Thyroid 
9. Zhao Q, Tian G, Kong D, Jiang T 2016 Meta-analysis of radiofrequency ablation for treating the local 
recurrence of thyroid cancers. J Endocrinol Invest 
10. Garberoglio R, Aliberti C, Appetecchia M, Attard M, Boccuzzi G, Boraso F, Borretta G, Caruso G, 
Deandrea M, Freddi M, Gallone G, Gandini G, Gasparri G, Gazzera C, Ghigo E, Grosso M, Limone P, 
Maccario M, Mansi L, Mormile A, Nasi PG, Orlandi F, Pacchioni D, Pacella CM, Palestini N, Papini E, 
Pelizzo MR, Piotto A, Rago T, Riganti F, Rosato L, Rossetto R, Scarmozzino A, Spiezia S, Testori O, 
Valcavi R, Veltri A, Vitti P, Zingrillo M 2015 Radiofrequency ablation for thyroid nodules: which 
indications? The first Italian opinion statement. J Ultrasound 18:423-430 
11. Bernardi S, Dobrinja C, Fabris B, Bazzocchi G, Sabato N, Ulcigrai V, Giacca M, Barro E, De Manzini N, 
Stacul F 2014 Radiofrequency ablation compared to surgery for the treatment of benign thyroid 
nodules. Int J Endocrinol 2014:934595 
12. Dobrinja C, Bernardi S, Fabris B, Eramo R, Makovac P, Bazzocchi G, Piscopello L, Barro E, de Manzini 
N, Bonazza D, Pinamonti M, Zanconati F, Stacul F 2015 Surgical and Pathological Changes after 
Radiofrequency Ablation of Thyroid Nodules. Int J Endocrinol 2015:576576 
13. Bernardi S, Lanzilotti V, Papa G, Panizzo N, Dobrinja C, Fabris B, Stacul F 2015 Full-Thickness Skin Burn 
Caused by Radiofrequency Ablation of a Benign Thyroid Nodule. Thyroid 
14. Kim YS, Rhim H, Tae K, Park DW, Kim ST 2006 Radiofrequency ablation of benign cold thyroid nodules: 
initial clinical experience. Thyroid 16:361-367 
15. Spiezia S, Garberoglio R, Di Somma C, Deandrea M, Basso E, Limone PP, Milone F, Ramundo V, 
Macchia PE, Biondi B, Lombardi G, Colao A, Faggiano A 2007 Efficacy and safety of radiofrequency 
thermal ablation in the treatment of thyroid nodules with pressure symptoms in elderly patients. J Am 
Geriatr Soc 55:1478-1479 
16. Deandrea M, Limone P, Basso E, Mormile A, Ragazzoni F, Gamarra E, Spiezia S, Faggiano A, Colao A, 
Molinari F, Garberoglio R 2008 US-guided percutaneous radiofrequency thermal ablation for the 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
23 
 
treatment of solid benign hyperfunctioning or compressive thyroid nodules. Ultrasound Med Biol 
34:784-791 
17. Jeong WK, Baek JH, Rhim H, Kim YS, Kwak MS, Jeong HJ, Lee D 2008 Radiofrequency ablation of 
benign thyroid nodules: safety and imaging follow-up in 236 patients. Eur Radiol 18:1244-1250 
18. Spiezia S, Garberoglio R, Milone F, Ramundo V, Caiazzo C, Assanti AP, Deandrea M, Limone PP, 
Macchia PE, Lombardi G, Colao A, Faggiano A 2009 Thyroid nodules and related symptoms are stably 
controlled two years after radiofrequency thermal ablation. Thyroid 19:219-225 
19. Baek JH, Kim YS, Lee D, Huh JY, Lee JH 2010 Benign predominantly solid thyroid nodules: prospective 
study of efficacy of sonographically guided radiofrequency ablation versus control condition. AJR Am J 
Roentgenol 194:1137-1142 
20. Na DG, Lee JH, Jung SL, Kim JH, Sung JY, Shin JH, Kim EK, Lee JH, Kim DW, Park JS, Kim KS, Baek SM, 
Lee Y, Chong S, Sim JS, Huh JY, Bae JI, Kim KT, Han SY, Bae MY, Kim YS, Baek JH, Korean Society of 
Thyroid R, Korean Society of R 2012 Radiofrequency ablation of benign thyroid nodules and recurrent 
thyroid cancers: consensus statement and recommendations. Korean J Radiol 13:117-125 
21. Burman KD, Wartofsky L 2015 CLINICAL PRACTICE. Thyroid Nodules. N Engl J Med 373:2347-2356 
22. Nardi F, Basolo F, Crescenzi A, Fadda G, Frasoldati A, Orlandi F, Palombini L, Papini E, Zini M, 
Pontecorvi A, Vitti P 2014 Italian consensus for the classification and reporting of thyroid cytology. J 
Endocrinol Invest 37:593-599 
23. Cibas ES, Ali SZ, Conference NCITFSotS 2009 The Bethesda System For Reporting Thyroid 
Cytopathology. Am J Clin Pathol 132:658-665 
24. Wang CC, Friedman L, Kennedy GC, Wang H, Kebebew E, Steward DL, Zeiger MA, Westra WH, Wang 
Y, Khanafshar E, Fellegara G, Rosai J, Livolsi V, Lanman RB 2011 A large multicenter correlation study 
of thyroid nodule cytopathology and histopathology. Thyroid 21:243-251 
25. Kim HY, Ryu WS, Woo SU, Son GS, Lee ES, Lee JB, Bae JW 2010 Primary papillary thyroid carcinoma 
previously treated incompletely with radiofrequency ablation. J Cancer Res Ther 6:310-312 
26. Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof EL, Fleischmann KE, Freeman WK, Froehlich JB, 
Kasper EK, Kersten JR, Riegel B, Robb JF, Smith SC, Jr., Jacobs AK, Adams CD, Anderson JL, Antman 
EM, Buller CE, Creager MA, Ettinger SM, Faxon DP, Fuster V, Halperin JL, Hiratzka LF, Hunt SA, Lytle 
BW, Nishimura R, Ornato JP, Page RL, Riegel B, Tarkington LG, Yancy CW 2007 ACC/AHA 2007 
Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery: Executive 
Summary: A Report of the American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular 
Evaluation for Noncardiac Surgery) Developed in Collaboration With the American Society of 
Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of 
Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions, Society for 
Vascular Medicine and Biology, and Society for Vascular Surgery. J Am Coll Cardiol 50:1707-1732 
27. American Society of Anesthesiologists Task Force on Perioperative Management of Patients with 
Cardiac Rhythm Management D 2005 Practice advisory for the perioperative management of patients 
with cardiac rhythm management devices: pacemakers and implantable cardioverter-defibrillators: a 
report by the American Society of Anesthesiologists Task Force on Perioperative Management of 
Patients with Cardiac Rhythm Management Devices. Anesthesiology 103:186-198 
28. Tong NY, Ru HJ, Ling HY, Cheung YC, Meng LW, Chung PC 2004 Extracardiac radiofrequency ablation 
interferes with pacemaker function but does not damage the device. Anesthesiology 100:1041 
29. Pfeiffer D, Tebbenjohanns J, Schumacher B, Jung W, Luderitz B 1995 Pacemaker function during 
radiofrequency ablation. Pacing Clin Electrophysiol 18:1037-1044 
30. Hayes DL, Charboneau JW, Lewis BD, Asirvatham SJ, Dupuy DE, Lexvold NY 2001 Radiofrequency 
treatment of hepatic neoplasms in patients with permanent pacemakers. Mayo Clin Proc 76:950-952 
31. Crossley GH, Poole JE, Rozner MA, Asirvatham SJ, Cheng A, Chung MK, Ferguson TB, Jr., Gallagher JD, 
Gold MR, Hoyt RH, Irefin S, Kusumoto FM, Moorman LP, Thompson A 2011 The Heart Rhythm Society 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
24 
 
(HRS)/American Society of Anesthesiologists (ASA) Expert Consensus Statement on the perioperative 
management of patients with implantable defibrillators, pacemakers and arrhythmia monitors: 
facilities and patient management this document was developed as a joint project with the American 
Society of Anesthesiologists (ASA), and in collaboration with the American Heart Association (AHA), and 
the Society of Thoracic Surgeons (STS). Heart Rhythm 8:1114-1154 
32. Faggiano A, Ramundo V, Assanti AP, Fonderico F, Macchia PE, Misso C, Marciello F, Marotta V, Del 
Prete M, Papini E, Lombardi G, Colao A, Spiezia S 2012 Thyroid nodules treated with percutaneous 
radiofrequency thermal ablation: a comparative study. J Clin Endocrinol Metab 97:4439-4445 
33. Deandrea M, Sung JY, Limone P, Mormile A, Garino F, Ragazzoni F, Kim KS, Lee D, Baek JH 2015 
Efficacy and Safety of Radiofrequency Ablation Versus Observation for Nonfunctioning Benign Thyroid 
Nodules: A Randomized Controlled International Collaborative Trial. Thyroid 25:890-896 
34. Valcavi R, Tsamatropoulos P 2015 Health-Related Quality of Life after Percutaneous Radiofrequency 
Ablation of Cold, Solid, Benign Thyroid Nodules: A 2-Year Follow-up Study in 40 Patients. Endocr Pract 
21:887-896 
35. Lim HK, Lee JH, Ha EJ, Sung JY, Kim JK, Baek JH 2013 Radiofrequency ablation of benign non-
functioning thyroid nodules: 4-year follow-up results for 111 patients. Eur Radiol 23:1044-1049 
36. Lee JH, Kim YS, Lee D, Choi H, Yoo H, Baek JH 2010 Radiofrequency ablation (RFA) of benign thyroid 
nodules in patients with incompletely resolved clinical problems after ethanol ablation (EA). World J 
Surg 34:1488-1493 
37. Sung JY, Kim YS, Choi H, Lee JH, Baek JH 2011 Optimum first-line treatment technique for benign cystic 
thyroid nodules: ethanol ablation or radiofrequency ablation? AJR Am J Roentgenol 196:W210-214 
38. Sung JY, Baek JH, Kim KS, Lee D, Yoo H, Kim JK, Park SH 2013 Single-session treatment of benign cystic 
thyroid nodules with ethanol versus radiofrequency ablation: a prospective randomized study. 
Radiology 269:293-300 
39. Baek JH, Moon WJ, Kim YS, Lee JH, Lee D 2009 Radiofrequency ablation for the treatment of 
autonomously functioning thyroid nodules. World J Surg 33:1971-1977 
40. Huh JY, Baek JH, Choi H, Kim JK, Lee JH 2012 Symptomatic benign thyroid nodules: efficacy of 
additional radiofrequency ablation treatment session--prospective randomized study. Radiology 
263:909-916 
41. Baek JH, Lee JH, Sung JY, Bae JI, Kim KT, Sim J, Baek SM, Kim YS, Shin JH, Park JS, Kim DW, Kim JH, 
Kim EK, Jung SL, Na DG, Korean Society of Thyroid R 2012 Complications encountered in the 
treatment of benign thyroid nodules with US-guided radiofrequency ablation: a multicenter study. 
Radiology 262:335-342 
42. Shin JH, Jung SL, Baek JH, Kim JH 2011 Rupture of benign thyroid tumors after radio-frequency 
ablation. AJNR Am J Neuroradiol 32:2165-2169 
43. Kobayashi A, Kuma K, Matsuzuka F, Hirai K, Fukata S, Sugawara M 1992 Thyrotoxicosis after needle 
aspiration of thyroid cyst. J Clin Endocrinol Metab 75:21-24 
44. Che Y, Jin S, Shi C, Wang L, Zhang X, Li Y, Baek JH 2015 Treatment of Benign Thyroid Nodules: 
Comparison of Surgery with Radiofrequency Ablation. AJNR Am J Neuroradiol 36:1321-1325 
45. Ferrari C, Reschini E, Paracchi A 1996 Treatment of the autonomous thyroid nodule: a review. Eur J 
Endocrinol 135:383-390 
46. Nygaard B, Hegedus L, Nielsen KG, Ulriksen P, Hansen JM 1999 Long-term effect of radioactive iodine 
on thyroid function and size in patients with solitary autonomously functioning toxic thyroid nodules. 
Clin Endocrinol (Oxf) 50:197-202 
47. Ceccarelli C, Bencivelli W, Vitti P, Grasso L, Pinchera A 2005 Outcome of radioiodine-131 therapy in 
hyperfunctioning thyroid nodules: a 20 years' retrospective study. Clin Endocrinol (Oxf) 62:331-335 
48. Hegedus L 2004 Clinical practice. The thyroid nodule. N Engl J Med 351:1764-1771 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
25 
 
49. Chianelli M, Bizzarri G, Todino V, Misischi I, Bianchini A, Graziano F, Guglielmi R, Pacella CM, Gharib 
H, Papini E 2014 Laser ablation and 131-iodine: a 24-month pilot study of combined treatment for 
large toxic nodular goiter. J Clin Endocrinol Metab 99:E1283-1286 
50. Gharib H, Papini E, Valcavi R, Baskin HJ, Crescenzi A, Dottorini ME, Duick DS, Guglielmi R, Hamilton 
CR, Jr., Zeiger MA, Zini M, Nodules AATFoT 2006 American Association of Clinical Endocrinologists and 
Associazione Medici Endocrinologi medical guidelines for clinical practice for the diagnosis and 
management of thyroid nodules. Endocr Pract 12:63-102 
51. La Rosa GL, Lupo L, Giuffrida D, Gullo D, Vigneri R, Belfiore A 1995 Levothyroxine and potassium 
iodide are both effective in treating benign solitary solid cold nodules of the thyroid. Ann Intern Med 
122:1-8 
52. Zelmanovitz F, Genro S, Gross JL 1998 Suppressive therapy with levothyroxine for solitary thyroid 
nodules: a double-blind controlled clinical study and cumulative meta-analyses. J Clin Endocrinol Metab 
83:3881-3885 
53. Wemeau JL, Caron P, Schvartz C, Schlienger JL, Orgiazzi J, Cousty C, Vlaeminck-Guillem V 2002 Effects 
of thyroid-stimulating hormone suppression with levothyroxine in reducing the volume of solitary 
thyroid nodules and improving extranodular nonpalpable changes: a randomized, double-blind, 
placebo-controlled trial by the French Thyroid Research Group. J Clin Endocrinol Metab 87:4928-4934 
54. Castro MR, Caraballo PJ, Morris JC 2002 Effectiveness of thyroid hormone suppressive therapy in 
benign solitary thyroid nodules: a meta-analysis. J Clin Endocrinol Metab 87:4154-4159 
55. Puzziello A, Carrano M, Angrisani E, Marotta V, Faggiano A, Zeppa P, Vitale M 2014 Evolution of 
benign thyroid nodules under levothyroxine non-suppressive therapy. J Endocrinol Invest 37:1181-1186 
56. Knobel M 2016 Etiopathology, clinical features, and treatment of diffuse and multinodular nontoxic 
goiters. J Endocrinol Invest 39:357-373 
57. Bandeira-Echtler E, Bergerhoff K, Richter B 2014 Levothyroxine or minimally invasive therapies for 
benign thyroid nodules. Cochrane Database Syst Rev 6:CD004098 
58.  Rozman B, Bence-Zigman Z, Tomic-Brzac H, Skreb F, Pavlinovic Z, Simonovic I 1989 Slerosation of 
thyroid cysts by ethanol. Periodicum Biologorum 91:1116-1118 
59.  Baskin HJ, Duic DS, Levine RA 2013 Thyroid ultrasound and ultrasound-guided FNA, Springer, Third 
Edition 
60.  Ha EJ, Baek JH, Kim KW, Pyo J, Lee JH, Baek SH, Dossing H, Hegedus L 2015 Comparative efficacy of 
radiofrequency and laser ablation for the treatment of benign thyroid nodules: systematic review 
including traditional pooling and bayesian network meta-analysis. J Clin Endocrinol Metab 100:1903-
1911 
61. Valcavi R, Riganti F, Bertani A, Formisano D, Pacella CM 2010 Percutaneous laser ablation of cold 
benign thyroid nodules: a 3-year follow-up study in 122 patients. Thyroid 20:1253-1261 
62. Jang SW,  Baek JH, Kim JK, Sung JY, Choi H, Lim HK, Park JW, Lee HY, Park S, Lee JH 2012 How to 
manage the patients with unsatisfactory results after ethanol ablation for thyroid nodules: role of 
radiofrequency ablation. Eur J Radiol 81:905-910 
63. Ha EJ, Baek JH, Lee JH, Sung JY, Lee D, Kim JK, Shong YK 2013 Radiofrequency ablation of benign 
thyroid nodules does not affect thyroid function in patients with previous lobectomy. Thyroid 23:289-
293   
64. Sung JY, Baek JH, Jung SL, Kim J, Kim KS, Lee D, Kim WB, Na DG 2015 Radiofrequency ablation for 
autonomously functioning thyroid nodules: a multicenter study. Thyroid 25:112-117  
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
A B
C D
E F
G H
I J
b
a
s
e
lin
e
1
 m
o
n
th
6
m
o
n
th
s
1
2
 m
o
n
th
s
2
4
 m
o
n
th
s
FIGURE 1
Figure 1 Click here to download Figure Figure1.pptx 
PM
non PM dependent PM dependent
Before the procedure: special precautions are not needed
During the procedure: peripheral pulse monitoring
After the procedure: special precautions are not needed
Before the procedure: either reprogram the device to asynchronous mode
and suspend rate-adaptive functions / or place a magnet over the device
During the procedure: peripheral pulse monitoring
After the procedure: either program back the device to its original status /
or remove the magnet
ICD
Before the procedure: suspend tachyarrythmia treatment algorithms
During the procedure: 1. ECG and peripheral pulse monitoring
2. temporary pacing and external cardioversion-defibrillation equipment
available
After the procedure: program back the device to its original status
Table 1. Management of patients with implanted pacemakers (PM) or implanted cardioverter-defibrillators (ICD)
Table 1 Click here to download Table Table1.pptx 
No of 
nodule/pts
Electrode type Solid 
component
Nodule function 
cold/hot nodules
Mean initial 
volume 
No of 
sessions
Follow-up 
duration
Volume reduction 
at last follow-up
Ref
Kim et al. 2006 35/30 17-G internally 
cooled
0-100% Cold nodules 6.3 mL 1 6 mo
(15 nodules)
63.8% 14
Spiezia et al. 
2007
39/39 14-G Multitined
expandable
n/a Cold nodules 24 mL 1-3 6 mo 74% 15
Deandrea et al. 
2008
33/31 14-G Multitined
expandable
50-100% 10 cold/23 hot 27.7 mL 1 6 mo 50.7% 16
Jeong et al. 2008 302/236 17-G internally
cooled
0-100% Cold 6.1 mL 1-6 6 mo
(140 nodules)
84.79% 17
Baek et al. 2009 9/9 17 and 18-G
internally cooled
10-100% Hot nodules 14.98 mL 1-4 6 mo 70.7% 39
Spiezia et al. 
2009
94/94 14-G Multitined
expandable
70-100% 66 cold/28 hot 24.5 mL 1-3 24 mo 79.4% 18
Baek et al. 2010 15/15 18-G internally 
cooled
50-100% Cold nodules 7.5 mL 1 6 mo 79.7% 19
Lee et al. 2010 27/27 18-G internally 
cooled
10-50% Cold nodules 4.2 mL 1 6 mo 92% 36
Sung et al. 2011 21/21 18-G internally 
cooled
<10% Cold nodules 10.19 mL 1-3 6 mo 92.2% 37
Jang et al. 2012 20/20 18-G internally 
cooled
<50% Cold nodules 11.3 mL 1-2 6 mo 92% 62
Huh et al. 2012 15/15
15/15
18-G internally 
cooled
>50%
>50%
Cold nodules
Cold nodules
13.3 mL
13.0 mL
1
2
6 mo
6 mo
71%
77%
40
Faggiano et al.
2012
20/20 14-G multitined
expandable
>70% 10 cold /10 hot 13.3 mL 1 12 mo 86% 32
Ha et al. 2013 14/11 18-G internally
cooled
>50% Cold nodules 9.7 mL 1 43 mo 87.2% 63
Lim et al. 2013 126/111 17 and 18-G 
internaly cooled
0-100% Cold nodules 9.8 mL 1-7 48 mo 93.5% 35
Sung et al. 2013 25/25 18-G internally
cooled
<10% Cold nodules 9.3 mL 1 6 mo 93.3% 38
Bernardi et al.
2014
37/37 18-G internally
cooled
10-100% 25 cold/12 hot 12.8 mL 1-2 12 mo 70% 11
Dobrinja et al.
2015
64/64 18-G internally
cooled
10-100% 46 cold/18 hot 13.8 mL 1 24 mo 67% 12
Che et al. 2015 375/200 18-G internally
cooled
nd Cold and hot nodules 5.4 mL nd 12 mo
(194 nodules)
84.8% 44
Deandrea et al.
2015
20/20
20/20
18-G internally
cooled
>70%
>70%
Cold nodules 13.9 mL
16.4 mL
1
1
6 mo
6 mo
77%
66%
33
Valcavi et al.
2015
40/40 18-G internally
cooled
>80% Cold nodules 30.0 mL 1 24 mo 80% 34
Sung et al. 2015 44/44 18-G internally
cooled
10-100% Hot nodules 18.5 mL 1-6 6 mo 74.5% 64
Table 2. Thyroid nodule volume reduction achieved by RFA   
Table 2 Click here to download Table Table2.pptx 
